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ABSTRACT 
This paper is focusing on determining the capability of reflector-less total station in 
monitoring building's deformation as well as to check the deformation of Universiti 
Teknologi Petronas (UTP) Academic Complex canopy system. Monitoring building 
deformation is an essential practice in order to determine whether the structure is 
within a safe behavior or not. There are numerous methods to be used such as the 
application of close-range photogrammetric, application of fiber optics, application 
of LiDAR technologies as well as geotechnical method (inclinometer, accelerometer, 
and tiltmeter). However, there are certain limitation and constrain faced by the 
mentioned methods in order to perform deformation monitoring at the building edges 
and critical area. Therefore, this project is to check the capabilities of reflector-less 
total station (R TS) in monitoring deformation of structure as well as the accuracies of 
the data obtained by performing a field data measurement. Topcon GPT 7501 series 
is used in this field data measurement for monitoring the deformation of canopy 
system situated in front of building 13 and building 14, UTP academic complex with 
4 observation points. The spatial data coordinate obtained in the first reading will be 
used as a base data for subtracting with the following continuous reading performed. 
Total displacement recorded based on field data measurement shows the maximum 
movement is 1.61 mm towards the structural beam on column 3 and 4 in front of 
building 14, Universiti Teknologi Petronas. Even though the result of monitoring 
displacement up to millimeter movement has been achieved, the result is 
insignificant as the movement recorded is not within the boundary of the capability 
reflector-less total station as the accuracy of the instrument is ±5 mm in its non-prism 
mode. Therefore the displacement or movement does not occur as after subtraction 
being done, the movement is below ±5 mm accuracy of the equipment. However, 
based on the field data measurement conducted, the overall objective of this project 
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1.1 Background of Study 
Monitoring structure deformation can be classified into two major categories 
which are geodetic and geotechnical survey. As technology has been improving day 
by day, the usage of terrestrial survey in monitoring building deformation has been 
questioned due to the accuracy and precision yielded by this equipment. 
The usage of Fiber Optics sensors and Global Positioning System (GPS) has 
been selected by most of the surveyor companies for monitoring structural's 
deformation as compared to the usage of total station. This is due to the reason of 
using total station needs at least two persons in carrying out the monitoring purposes 
as well as it requires complex procedure to be done in order to obtained the desired 
result. 
As recent years, the manufacturer of total station companies such as Leica, 
Topcon, Nikon, etc. have been able to come out with new solution and improves 
their design towards this equipment. In making task easier most of the manufacturer 
has now introduced a reflector-less total station (RTS). This equipment provides a 
function of recording data that does not require the usage of prism to capture and 
reflect the laser emits by the total station in its reflector-less mode. 
Reflector-less total station can be used to carry out any deformation 
monitoring on complex and mega structure such as bridges, tunnel, and inaccessible 
section of man-made structure to check the deformation or the deflection rate. 
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1.2 Problem Statement 
When it comes towards monitoring structure deformation, the application of 
geotechnical as well as geodetic method can be fully utilized in order to get the 
desired results. Geotechnical method is a study based on the soil or ground 
parameters for checking the rate of settlement or movement. Not to be denied that 
this method also is not solely based on the study of soil itself as there are other 
method falls under this category such as crack gauge measurement, accelerometer 
and so on. 
For every method available, certainly there are advantages as well 
disadvantages towards the usage of it. In example, accelerometer can be very useful 
in detecting deformation or deflection of a structure. But, due to certain factors such 
as surrounding environment as well as height factor, this accelerometer has become 
a major constraint as it requires to be put on the structure to be monitored. 
For crack gauge method, the constraint of using this method is that, there is 
no crack formation occurs at the desired structure from naked eyes to be monitored 
for initial assumption. As the structure to be monitored is made from steel structure 
as well as height factor, the selection of this method is in a difficult manner. And for 
this reason, this method is not being considered for this project. 
In Malaysia, the usage of Global Positioning System (GPS) has been one ofthe 
most favorable tools when it comes towards monitoring building deformation. Due 
to its application in detecting movement of the building without the usage of many 
labors has made this equipment as number one application tool by the surveying 
company in carrying their duties. 
But there are certain limitations towards the application of GPS in capturing 
or monitoring building deformation. In order to monitor the deformation of roofing 
system, this device need to be placed at the target area and leave for a certain amount 
of period before the device can yield desired data. 
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Therefore a solution to encounter this problem is by using reflector-less total 
station in monitoring the deformation of structure. By selecting this method and 
equipment, the height factor will not be a problem anymore since this equipment can 
be operated to certain angle in monitoring the target area. Besides, inaccessible and 
critical area for monitoring purposes such as edges ofthe building, tower and roofing 
system can be performed in any condition for getting data needed. 
1.3 Objective of Project 
The objective of this project is to monitor the deformation or deflection 
behavior of canopy system in UTP by using reflector-less total station (Topcon GPT 
7501 series). Main objectives of the project are as follow: 
1. To investigate the capability of Topcon GPT 7501 in monitoring 
deformation at critical and inaccessible area. 
ii. To monitor the deformation ofUTP canopy system. 
1.4 Scope of Study 
Scope of study for this project involved a field data measurement as a case 
study at one of the targeted structure at Academic Complex in Universiti Teknologi 
Petronas (UTP). Target structure of the case study will be the canopy system used 
for the academic complex. 
This structure has been chosen since the roofing system for UTP is unique 
enough where it is based on the usage of round pillars and tension cable to sustain 
the roof from collapsed. A certain tolerance for deformation or sway has been 
specified by the designer of 'civil consultant in-charged for the roof to be safe 
subjected to external load. 
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Figure I: UTP's academic complex for roofing (canopy) system to be monitored by 
using Topcon OPT 7501 series 
The study will be in 4 stages, where the first stage is aimed to study more on 
the equipment to be used in carrying out the project as well as software needed in 
determining the data for deformation. The second stage is to test the equipment 
whether it is in its best condition to be used as well as calibration of the equipment 
for better accuracy. 
Third stage is conducting field data measurement which is for this case study, 
the roofing structure at third level of building 14, Civil Engineering Department in 9 
continuous days. Last Stage is to check and generate data recorded from the 
reflector-less total station to access if there is any deformation or deflection on the 
structure and specified the deformation rate. 
1.4.1 Relevancy of Project 
As variety methods available to perform deformation monitoring, reflector-
less total station has been chosen due to certain advantages compared to other 
techniques. Besides, it is quite relevant nowadays since this project will help solving 
monitoring high rise building where the application of other specified method is not 
feasible enough when a safety factor had to be counted as such dealing with height 
factors and location of structure to be monitored. 
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As for the usage of GPS equipment, it needs to be put at the exact target 
point for the deformation or deflection behavior to be monitored and if one is to 
climb up towards 5 storey height, that personal is prone to injuries or even death if 
safety precaution is not being taken seriously. 
Another constraint faced by other method such as Photogrammetric is due to 
the cost consideration or budget needed as it uses a photograph taken with special 
cameras mounted in fixed wing aircraft or helicopters. This photogrammetric 
method will be useful for hazardous situation such as earthquake and volcanic 
activity monitoring. In this case, new budget need to be allocated for purchasing this 
equipment as this equipment is not available by the civil engineering department. 
Even though using a reflector-less total station in monitoring building 
deformation do have a certain disadvantages when comparing with other available 
method, the usage of total station is still being selected due to the cost and time 
constraint in determining the desired outcome. 
1.4.2 Feasibility of Project 
The project will commence by collecting materials needed such as books, 
journals, engineering manual for carrying out deformation monitoring and technical 
papers. All available method that is relevant towards this project is being taken into 
consideration and selection is based on the reliability as well as time constraint in 
getting accurate result. Research has been performed from time to time as part of 
getting a better understanding on this issue due to the advantages of each described 
as well as the disadvantages that come along with it in monitoring building 
deformation. 
This project will then focus on field data measurement by using the selected 
device and analysis will be done on the deformation or deflection of building based 
on data yielded. This project also will be completed in a period of eight months. All 
equipments needed to perform this project are available in the Civil Engineering 
Laboratory as well as the software involved. With all the resources provided, this 
project can be considered as a feasible project within the time frame given. 
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CHAPTER2 
LITERATURE REVIEW AND THEORY 
2.1 Literature Review 
Measuring technique for building or structure deformation monitoring can be 
categorized into two groups traditionally which are geodetic survey as well as 
geotechnical survey (USACE, 2002). (Wan Aziz et al, 2001) is very definite: "the 
selection of most appropriate technique or combination of techniques for any 
particular application will depend upon cost, the accuracy required, and the scale of 
the survey involved" (p.2). 
Figure 2: Method available to monitor deformation of structure 
2.1.1 Geodetic Survey 
Geodetic survey compnse of an observation through a network of point 
interconnected by bearing and distance measurement which are sufficient for the 
statistical evaluation of quality and detection of errors for the study to be conducted 
(USACE, 2002). For geodetic survey, it can be carried out either by using a 
conventional method (terrestrial survey), Global Positioning System (GPS), 
Photogrammetric, Remote Sensing (application of LiDAR) and other new technique 
or method in the market which is the application of fiber optics sensor in measuring 
deformation or deflection of structure. 
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2.1.1.1 SOFO System 
Application of fiber optics sensor or most knowingly as SOFO (Structural 
Monitoring by using Optical Fibers) system has been increasingly become popular 
for structural monitoring. This method involve the usage of optical fiber to be 
installed at the desired place for checking deformation or deflection of building in 
maintaining historical structures. The measurement system was made on low-
coherence interferometry of the fiber optics. 
For every deformation structure that will occur and thus resulting in a change 
between the lengths of two fibers installed. The reason for the implementation is due 
to the advantages of this method which is easy to handle, dielectric, immune to 
Electromagnetic disturbance such as thunderstorm and also able to accommodate 
deformation up to a few percents (Daniele Jnaudi et at, 200 I). 
figure 3: SOFO System schematic diagram and how it is installed at the structure to 
be monitored 
This method has been applied successfully in most mega structure as for 
example tunnel , bridges, nuclear reaction plant, piles, anchors as well as harbor 
structures. But due to the required amount of fiber optics to be used is up to certain 
numbers, the cost of using this equipment will not be the choice of selection as this 
method need a constant periodic monitoring (Daniele lnaudi et al, 2001). 
7 
2.1.1.2 Photogrammetric Method 
Another possible method to be implemented is the usage of photogrammetric 
technique in monitoring deformation or deflection of the desired structure. 
Photogrammetric method is a measurement where 3 dimensional (30) coordinates or 
displacements of an object can be obtained by using 2 dimensional images taken 
from different locations and orientation (Muammer Ozbek et al , 201 0). 
The application of photogrammetric measurement are currently in used and 
proven to give very accurate measurement for a wide variety of discipline. Main 
advantage this method is that it can be used to capture or monitor static or dynamics 
deformation measurements. Besides, model analysis and system identification as 
well as 3-D shape determination can be determined from the photo obtained. 
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Figure 4: Photogrammetric measurement for deformation monitoring based on 
movement recorded 
As having advantages, this method also has some restriction upon it which the 
size of the object to be tracked is usually restricted due to the problems such as 
insufficient illumination, difficulties in calibration and low resolution (megapixel) of 
camera used (Muammer Ozbek et al, 20 I 0). 
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2.1.1.3 Global Positioning System 
Global Positioning System (GPS) is a satellite positioning system which based 
on the use of satellite retrieved information. The main goal of the usage of this 
method is to provide worldwide, all weather, continuous radio navigation support to 
users to determine position, velocity and time throughout the world. 
This method consists of three segment which are the space, control and user 
segment. Under the segment of space, the application of Global Positioning System 
can provide an absolute and relative geodetic point positioning for deformation 
monitoring purposes. It also had an enormous success for determining seismic 
movement, very slow displacement and deformation of some major engineering 
structures such as bridge and dams (A.Nickitopoulou et. AI, 2006; Behr et at , 1998). 
This system works by sending a signal from the navigation satellite in the outer 
space towards the receiver. Once the signal has been received by satellite, it will 
reflect another signal that contains the spatial data on the location towards the 
transmitter. The coordinate obtained will be in term of Northing (N), Easting (E) and 
Zenith (Z) location of the specific place where the transmitter is being put. 
a 
,/\ 
Figure 5: Global Positioning System works by transmitting signal from navigation 
sate II ite towards receiver 
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Global Positioning System (GPS) on its own has two major limitations that 
make it unsuitable to be used for deformation monitoring. First is that the signals are 
received from the satellite, may subjected to multipath issue. Second limitation is the 
current precision levels of GPS are limited to ± lcm horizontally and ± 2cm 
vertically (H.S Park and H.M. Lee, 2007; Breuer et al., 2007). 
2.1.2 Geotechnical Survey 
As for Geotechnical survey, it involves the usage of tilt meters, accelerometers, 
micrometers and other various available options. As for this method have mainly 
been used for relative deformation measurement within deformable object and its 
surrounding. But due to technical progress in recent years, the difference of using 
geodetic survey as well geotechnical survey and the application between these two 
methods are becoming not as obvious when comparing to twenty years ago 
(USACE, 2002). 
For geotechnical methods such as tilt meter, accelerometer, extensometer as 
well as micrometer available, these methods involve further research on the field 
study towards the soil or ground movement as well as direct measurement towards 
the cracking that happened towards the building or structures. Accelerometer 
traditionally used for measuring dynamic parameters of structure. 
The basic problem of using this method is that it has a certain limitation which 
for the measurement or displacement. This method derive displacement by serious 
errors ("drift") induced by double numerical integration while non-geodetic sensor 
can only measure relative displacements or deformation and not the displacement of 
the structure relative to a fix reference frame which independence of the structure 
itself(Fanis Moschas, Stathis Stiros, 2010; Yang J. eta!, 2008) 
2.1.3 Selected Method 
As there are plenty of available method describe above can be used in 
monitoring deformation or deflection of building structure, as for conducting this 
project, it has been narrowed down to a geodetic survey. The method that will be 
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focused more is on terrestrial survey method as due to the availability of this 
equipment by the civil engineering faculty. 
2.1.3.1 Conventional Terrestrial Survey 
This project is more on towards investigating the capability of electronic 
distance measurement (EDM) in monitoring building deformation. Terrestrial survey 
method such as precision triangulation of traversing and geodetic leveling has been 
establish in the society since 1940's for monitoring big structures whether it is 
during construction or after the completion of it such as bridges, dams, tunnels, high 
and low-rise building, etc. (Casaca and Henriques, 2002). 
With the technological progress in the last few years, the differences between 
using GPS system as well as conventional method technique seems negligible 
compared to twenty years ago (Mat Rahim Ibrahim et al, 2010; USACE,2002). GPS 
and conventional terrestrial are the two most preferred techniques to be used 
especially when it comes to deformation monitoring under geodetic method. 
Selection for the monitoring techniques depends heavily on the type, magnitude and 
the rate on deformation of the building. 
Therefore the proposed measuring schemes need to be based on the best 
possible combination of all available measuring instrumentation. As for this purpose 
of project, high accuracy and precision of data need to be obtained in order to check 
deformation of building structure. Furthermore, in order to choose the best selection 
in carrying out the project, many factors need to be taken into consideration for 
example the limitation of each methods that is available as well as advantages each 
method has over one another. 
In order to achieve accurate and high precision of data to monitor deformation 
of building, the millimeter (mm) to sub-millimeter accuracies is required rather than 
centimeters (em) (Gethin ROBERTS et al, 2007). It is a big challenge to obtain 
accuracies and precision in millimeter level when quantifying deformation of an 
object between different epochs for any experiment to be conducted (Roderik 
Lindenbergh et al, 2009). 
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2.1.3.2 Reflector-less Total Station (RTS) 
More recent active methods, including reflector-less total station and laser 
scanning system have become viable options for the capture of structural 
measurement in term of deformation (mills et al, 2004). The use of laser technology 
in surveying instrument's industry has led to the development of reflector-less total 
station (RTS). 
Reflector-less total station operates by sending out an infrared laser beam to its 
target that has been appointed by the help of pointing laser application in three 
different functions according to the manufacturer's specification. The laser 
transmitted will hit the target surface area and reflected back to the instrument. The 
value for the horizontal distance and angle of reflection or spatial co-ordinate in term 
of northing, easting and zenith then will be computed. 
The application of reflector-less total station (RTS) has been previously tested 
on the suitability and credibility of this equipment in performing the monitoring 
deformation of big and complex structure internationally. Among the paper that is 
discussing the credibility ofthis equipment can be found in the 11th FIG symposium 
on deformation measurement in Greece 2003 (D. Stathsas et al, 2003) on the topic of 
"New Monitoring Techniques on the determination of structure deformation". 
The advantages and disadvantages for the usage of reflector-less total station 
had been discussed widely by researches over the last few years. Reflector-less total 
station (RTS) can be used for monitoring the deformation or deflection of any 
structure required without having to use reflector as required when using 
conventional total station. 
Besides, another advantages of this equipment is that it make task easier when 
the work requires observation of point situated at inaccessible place by using 
conventional total station such as critical edge of bridges, high tower, roofmg system 
and reservoir. A highly critical area can be defined as a place where it is hard enough 
to be accessed due to the location, height and environment factor involved (D. 
Stathas et al, 2003). 
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As for the disadvantages of this equipment, it could not be free from having 
source of error when obtaining the data required. Calibration of the equipment is the 
only way to reduce the possibility of having error that can cause inaccuracies in 
determining the desired data. Most of the manufacturer company has specified that 
there are three errors that could occurs when using the reflector-less mode which are 
zero error, cyclic error and Scale error (Nurrohmat Widjajanti et a!, 2008; Western 
Australian Land Information Authority). 
Besides, reflector-less total station's performance is influenced by color, shape 
and surface of the measured object. As zero error, different target material in term of 
color needs to be considerate as this material reflection may cause variations in the 
error and lead to inaccurate data measurement. For various target material, tile 
surface can caused high value of zero error which 8. 7 millimeter, followed by black 
with 8.4 millimeter, concrete surface color with 7.1 and white with 6.4 millimeter. 
The lowest value of error caught is by using the reflectivity of prism with 2.9 
millimeter (Nurrohmat Widjajanta eta!, 2008). 
Thus due to the advantages and disadvantages as have been claimed by 
researches such as the reflector-less mode for capturing or performing deformation 
monitoring is not capable of measuring key features of buildings such as edges and 
comers for curve (Bai Chengjun, et al, 2009), this project is aimed to perform a field 
study in order to check the capability of the total station by monitoring the 
deformation rate of the UTP Academic complex roofing (canopy). 
A fix steel base tripod need to be used for this project in order to ensure the 
accuracy of obtaining deformation rate is achieved in the end of field measurement. 
If the measurement is being carried out by using normal tripod, it will interrupt the 
accuracy of data obtaining due to other factors such as the screw that is locking the 
tripod at the desired point as well as changes of height. When the height for the 
setting up of reflector-less total station is being changes, it will eventually give a 





3.1 Procedure Identification 
The procedure identification flow is shown in Figure 6. 
Start 
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Selection of project topic 
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Preliminary research work 




Software and Hardware 
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Field Data Measurement 
+ 




Figure 6: Procedure Identification Flow of 
the Project 
At the beginning of semester, titles for the Final Year Project had to be 
chosen or proposed. After the project title was chosen or approved, preliminary 
research work and literature review will be carried out based on the project title. The 
next task takes place is to understand more regarding the project and learn from the 
literature reviews and researches. 
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After understanding about the significance of project, case study has been on-
going by using actual software and hardware application needed. Next step is 
simulating the data obtained through-out the case study that is being implemented 
for the project. The last step involved is preparing project report, technical paper and 
presentation. 
Testing and getting familiar with the system of the equipment to be used 
needs to be done in the first stage as such operating the equipment, study the manual 
of the equipment, test performance of equipment, as well as calibration to minimize 
possible error from occurring. 
3.2 Tools and Equipments Required 
In order to perform the case study, the equipment and software required can 
be referred at table 1 below. 
Table 1: Required Hardware and Software for the project to be performed 
3.3 Process Flow 
Overall methodology involve for this case study can be divided into four 
main stages. The stages are as follow: 
i. Setting up and Testing of equipment 
ii. Calibration of Equipment 
iii. Field Data Measurement 
iv. Analysis data yielded to detect the deformation behavior 
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3.3.1 Setting Up & Testing of Equipment 
The equipment to be used has been identified from laboratory technician 
which is TOPCON GPT 7501 series. This equipment will be tested and used to carry 
out the case study since this reflector-less total station (RTS) is new and has not been 
test on its performance and capabilities. 
Before case study to be carried out, familiarization with the potential and 
capabilities of the equipment is the main priority. This is to check and understand 
how the equipment operates by studying the manual that came with this equipment. 
After the instrument has been familiarized, the observation location or 
control point for the field data measurement has been selected. The accessibility of 
control point must be ensured as compare to other possible location for the 
measurement to be performed especially on non-working days to avoid delay in 
getting data. 
Next, the distance for selected observation point need to be choose carefully 
as in the reflector-less mode, the maximum distance it can handle is 250 meters. And 
due to this, the observation point selected must not be far away from the reflector-
less total station in order to ensure the accuracy and validity of the data acquired. 
3.3.2 Calibration of Equipment 
Calibrating the equipment is highly needed even if the manufacturer has 
calibrated it before handing to the end user. Calibration of equipment will be 
required to determine the precision as well as accuracy of the reflector-less total 
station (RTS) to be used (Nurrohmat Widjajanti, et al, 2008). 
The calibration of equipment as for the time being can be performed by 
comparing one known distance by manual check and the displayed distance from 
reflector-less total station. A known distance of 5.74 meter with accuracy up to two 
decimal places that has been calculated manually will be made as a comparison with 
the data obtained by using Topcon OPT 7501 series. The illustration for calibration 
of equipment can be seen below in the figure 7. 
16 
Distance known = 5. 73 meters 
~--·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 
R.T.S Distance measured= 5.73 
A' 
Figure 7: Calibration procedure for reflector-less total station 
3.3.3 Field Data Measurement 
As for field data measurement, the place to conduct this experiment need to 
be determined carefully to avoid any possible error that can lead to inaccurate result. 
Besides, the surface material of the observation point should be carefully selected 
and it has been set that the canopy used for this case study is the canopy system 
along Building 13 and Building 14 of Civil Engineering Department, University 
Teknologi Petronas (UTP). 
The basic concept in monitoring movement of canopy system can be viewed 
in figure 8. The system can be divided into three stages for obtaining the spatial 
coordinates of each point to be monitored. 
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Figure 8: Basic Concept for case study to be performed 
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There are two methods for reflector-less total station (RTS) works in 
observing deformation or deflection of desired structure. The two most discussed 
methods generally can be classified into Phase shift method and Time of flight 
(Pulse Laser) method. 
3.3.3.1 Phase Shift Method 
This method works by modulating a measuring signal onto a continuous 
carrier wave signal. Electronic Distant measurement will eventually transmit a 
coaxial intensity modulated optical measuring beam that is scattered by a surface on 
which the beam is directed. The phase difference between the transmitted light and 
the reflected received light will be detected and it represents the distance between 
monitored points in horizontal direction. 
Figure 9: Principle behind phase shift method 
The instrument measures a constant phase offset despite inevitable variations 
in the emitted and received signal. Initially a cycle ambiguity prevents the total 
distance from being estimated directly, this is resolve using multiple measurement 
modulation wavelengths which provides a unique integer number of cycles. Once the 
integer number is achieved, the distance to the target can be very accurately 
determined. Phase shift technology has the ability to resolve a distance to a remote 
object to a range of up to 240m with an accuracy of± (3ppm+2ppm) (Hougland R, 
2005). 
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3.3.3.2 Time of Flight (Pulse Laser) 
Time of flight is a method that measures the time information to calculate the 
range measurement by generating many short infrared or light pulses between the 
equipment's emitter towards the desired point. The infrared or light pulses 
transmitted to the target structure through telescope inside the instrument as seen in 
the figure 1 0. 
Figure 10: Principle behind Time of Flight (TOF) method 
Time of flight method typically produces the longest range while meeting the 
highest standards for eye safety. It is because the intervals between the laser pulses 
prevent the accumulation of energy, typically 20000 pulsed laser measurements are 
taken every seconds. 
3.3.3.3 Case Study for Deformation Monitoring. 
observati 
• Field data measurement 
• Calculation of deformation rate 
Figure II: Process Flow on deformation monitoring 
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I. Establishment of control point and selection of observation point. 
As for the establishment of control point, location on the building 14 has 
been chosen due to its accessibility during weekdays as well as weekend for the 
monitoring job to be performed. And since this location has given the advantages 
towards the author for easy access on performing field data measurement, it has been 
chosen as the place for setting up control station. 
Another reason for the selection of this place is because this location gives 
whole view of the target structure to be monitored without having the obstacle or 
obstruction. And since the capability of total station in reflector-less mode only able 
to operate within a maximum distance of 250 meter, this is another reason why this 
location has been chosen by the author. 
Figure 12: Foyer of building 14, location of control station 
After control station has been selected, setting up parameter surrounding the 
control station is needed to ensure the instrument is not being touched by any people 
towards the fixed steel base moving from its original position. Therefore in order to 
do so, the author has put a marking tape and marked the area as a restricted area 
from any other personnel to enter the area besides the author. 
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This is the best way in author's mind to avoid interference from external 
factor such as movement from its original position. This is due to procedure needed 
to be done if the author chooses to seal the area by having to acquire permission 
from department as well as university's authority that will definitely consumes more 
time than needed. 
Figure 13: Boundary line for rcstrideJ area to avoid possible error due to external 
forces 
The base of fix steel tripod also needs to be kept fixed at all the time towards 
the ground. This is to ensure there is no slight movement from occurring as such as 
tilting at the tripod due to wind, vibration from the floor area that might cause error 
to the reading. 
The reason according to figure 13 for putting masking tape on the base of 
mounting pod is due to deformation of mounting pod as it has not been kept properly 
and exposed to weather condition. The first idea initially was to put a concrete nail at 
all edges of mounting pod. But again, the procedure for doing so may be consuming 
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Figure 14: Reflector-less total station mounting pod's dimension 
Figure 15: Initial base of mounting pod that has been undergone deformation 
As sho~n in the figure 15, the base of the fix steel mounting pod had 
undergone deformation and can be tilt easily. Modification has been done towards 
this tool by adding a series of steel plates at the mounting pod's base in order to 
make it stable and rigid when it is placed on the ground. 
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By having modification being performed at the mounting pod, the height now 
has been increased from initial height mentioned in figure 14. The new height 
measured from ground to the marking I inc of reflector-less total station now is 1.500 
meter. 
Figure 16: Modification performed at the base of mounting pod 
Figure 17: Steel Plate welded at the base ofthe mounting pod 
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Reference point also is needed to be established when performing this field 
data measurement. It is used as a reference to determine the true height of the 
reflector-less total station from the ground level to reduce the possibilities of error 
from occurring due to centralizing hull 's eye level by using Knuckle screw every 
time reflector-less total station is attached at the mounting pod. 
Figure 18: Reference point used for the field data measurement 
2. Field Data MeasureJ!lent 
For the field data measurement, the observation point to be picked must be 
selected according to the capabilities of reflector-less total station in its reflector-less 
mode. The maximum capability or distance can be measured by this equipment is 
maximum 250 meter from the control station. Therefore based on this fact, the 
author has chosen observation points that are based on author's mind suit the 
capability of this equipment in giving its best performance and thus reducing 
possible interference of error towards data obtained. 
The author has selected 4 points on the structural beam that is supported by 
the columns of the canopy system in front of building 14. For selection of 
observation points, the author has made the secondary steel beam on the canopy 
system to act as primary mark and drag down until the very edge of the beam itself 
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Figure 20: 2 Observation Points at structural beam canop] system on column 4 
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After the selection of the observation points have been made, setting up 
reflector-less total station which is TOPCON GPT 7501 series on the mounting pod 
is performed. The setting up of reflector-less total station can be referred in appendix 
C in the appendix section for further detail procedure in term of leveling by using 
Knockout screw as well as centering the bull' s eye level. 
Data obtained in the end of measurement will then be tabulated in table form 
by using Microsoft excel software. This is easier to be done as compared to other 
software that is available in the market. By using Microsoft excel, the validity of the 
data obtained can be further tested by using statistical analysis that is available 
within the software itself. An example of the table that will be used for data 
computation can be seen in table 2. 
Structural Beam Canopy System column I 
GPT7501 
Point Contro Northm t:.Z 
s I g(Y) g(X) h (Z) Plane Plane Plane Displaceme 
Statio s s s ~ 
3. Calculation of the displacement and total displacement. 
As for time 1, laser will be transmitted from the Topcon GPT 7501 series 
towards the edge of the roofing system. And as soon as the laser transmitted reached 
the surface material, it will be reflected back towards the total station and give result 
in term ofnorthing1 (y1-axis), easting1 (x1-axis) and zenith1 (z1-axis) coordinates. 
For time 2, laser will be transmitted again from the reflector-less total station 
(RTS) towards the same point location as the first reading obtained. The process 
remains the same but this time, the spatial coordinates obtained will become the 
second reading which is northing2 (y2-axis), easting2 (x2-axis) and zenith2 (z2-axis). 
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Displacement = (X2, Y2, Z2)- (X1, Y1, ZJ) 
Xz,Y2,Z2 =Northing, Easting, Zenith data for 2nd monitoring 
X~,Y~,Z1 =Northing, Easting, Zenith data for I st monitoring. 
Thus, the second spatial coordinate will minus the first spatial coordinate 
obtained in order to determine the displacement of structure. And as the monitoring 
is being performed, the different will be recorded and tabulated into a table system 
as similar in table 2. 
Then after having two different spatial coordinate in term of northing (y 
axis), easting (x axis) and zenith (z axis), total displacement is obtained by using 
next equation as follow. 
Total Displacement, d =Square root ( !':,x2 + f':,r + f':,z2 ) 
Once the table has been completed, all the spatial coordinates recorded by 
reflector-less total station (RTS) will be collected manually by the author. Then this 
data will be graphed to show the total displacement having by the structure. 
3.4 Gantt Chart for the field data measurement 
The workflow of the field data measurement has been planned in the early 
phase of the commencement final year project 2. The time line for the gantt chart can 
be seen in appendix section E for both final year project 1 and final year project 2. 
3.5 Milestone for the field data measurement 
The milestone that has been discussed with the assist of supervisor can be 
seen in the attachment at appendix section. The process workflow can be found in 
appendix F of this report. 
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CHAPTER4 
RESULT AND ANALYSIS 
4.1 Calibration of Equipment 
Calibration of the reflector-less total station has been done in a control 
environment at the laboratory of civil engineering department. The calibration 
process involves a known distance that has been measured by using measuring tape 
(5.73 meter) to be compared with the distance given by data recorded from reflector-
less total station. 
The reason for calibration not to be done outside of control environment is to 
avoid the possibilities of error from happening towards the measurement being 
performed. [n this case Topcon GPT 7501 series is used along with single prism in 
performing calibration process. Result obtained by the reflector-less total station has 
given a result of 5.7476 meter. Based on the data recorded by reflector-less total 
station, differences is only by 1.76 centimeter or equal to 17.6 millimeter with the 
known distance by using measuring tape. 
Figure 21: Calibration of equipment in control environment 
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Figure 22: Confirmation distance from reflector-less total station 
4.2 Field Data Measurement 
As for the field data measurement, it has been successfully recorded for the 
structural beam canopy system in front building 14 of Universiti Teknologi Petronas 
(UTP) for the 5 readings. The structural beam canopy system as shown in figure l 9 
to figure 20 had been observed by using Topcon GPT 750 l series in its non-prism 
mode. 
As according to the manufacturer's claim, the accuracy of reflector-less total 
station is ±5 millimeter. When the subtraction of data is done, the accuracy of the 
equipment will be I 0 millimeter or 1 centimeter. The explanation of this accuracy 
can be seen below: 
I) 151 data obtained, = I 048.3596 E, I 05l.4490 N, 107.3666 Z 
2) 2nd data obtained, = I 048.8460 E, I 05 1.6562 N, I 07.3662 Z 
3) Deformation rate, = 0.4864 E, 0.2072 N, 0.0004 Z 
4) Total displacement, = 0.5287 m ± 10 mm 
= 52.9cm ± I em. 
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Based from the explanation shown, the displacement of the structure under 
displacement can either be 53.9 centimeter or 51.9 centimeter displacement 
occurred. During the field data measurement, 2 observation points on column 3 and 
2 observation points on column 4 has been selected. The movement occurred in term 
of all axes has been calculated by using the equation mentioned in chapter 3. 
4.2.1 Structural beam canopy system 
For field data measurement recorded, the data obtained for the spatial 
coordinate shows an insignificant movement towards all axes in term of millimeter 
movement. Table 3 below shows the computation of displacement recorded by 
Topcon GPT 750 I series in 4 time series. The movement recorded by reflector-less 
total station is in meter unit and had been converted into millimeter for making clear 
observation towards detail movement that happened at the structure. 
Table 3: Field data measurement recorded at all the observation points 
Deformation Rate time series I Deformation Rate time series 2 
Points (mm) (mm) 
~ y ~ X ~z ~ y ~ X ~z 
I 0 10 l.8 4.4 2.4 I 
2 -0.4 -1.4 -1.6 0.8 0 -0.4 
3 0 0.4 -0.8 0 0.2 -0.6 
4 -1.2 1.6 0.6 -0.8 1.6 0 
Deformation Rate time series 3 Deformation Rate time series 4 
Points (mm) (mm) 
~ y ~ X ~ z ~ y ~ X ~z 
I 4.6 3.2 I 3.2 7.4 2 
2 0 -0.2 -I 0.4 -0.6 -1.2 
3 0.4 2.8 -0.4 -0.8 I -2 
4 0 3.2 -0.2 -0.8 3.2 0 
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The movement recorded in meter unit will show the actual movement that 
has been recorded towards the observation points. Therefore, conversion from meter 
unit to millimeter is essential in order to observe the small movement undergone by 
the structure for indicating the external factors such as due to weather factor as well 






















Figure 23: Displacement (mm) for Time series 1 at all observation points 
Figure 23 above shows the displacement in term of millimeter for time series 
I where the initial base value recorded has been subtracted with the second data field 
measurement being performed. 
For displacement in X-axis, the first data reading has recorded 10 millimeter 
movement at observation point l and the lowest value is 0.4 millimeter at point 
observation 3. While for Y axis, the movement recorded for time series I based on 
the graph shown above is having 0 millimeter movement at observation point I and 
decreasing value with 0.4 movements. 
The maximum displacement recorded is at the observation point 4 with 1.2 
millimeter movement but it occurs in the opposite plane direction as the value 
obtained is a negative value. For the observation point 3, the displacement recorded 
is 0 millimeter. As for the Z-axis, the initial base value recorded due to it has 
undergone an uplift situation towards the canopy system up to 1.8 millimeter at 
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observation point I and the value obtained for observation point 2 shows the 
movement has been encounter in opposite direction with 1.6 millimeter. As for 
observation point 3, the movement is 0.8 millimeter in different direction and it is 




























Figure 24: Displacement (mm) for Time series 2 at all observation points 
From figure 24, the graph shows the displacement recorded at the observation 
points for time series 2. The displacement in X-axis now has been reduced to 2.4 
millimeter compare to the previous movement recorded at observation point I for 
time series l with l 0 millimeter movement. On the observation point 2, there is no 
displacement occurred in X-axis that has been recorded while for observation point 
4, the displacement is 1.6 millimeter. 
For Y -axis, the displacement having by the observation point I is 4.4 
millimeter and shows the maximum displacement as compare to others observation 
points in the same plane. The displacement at observation point 2 is 0.8 millimeter 
and being balanced by the movement at observation point 4 with the same movement 
which is 0.8 millimeter as well but is acting in opposite direction. While for 
observation point 3, there is no movement has been recorded. The cause of this major 
movement at the observation point I can be said due to wind load acting on the 
structure by swaying it in Y -axis. 
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As for Z-axis or zenith axis, the movement recorded by the Topcon GPT 
750 I series shown the displacement having by observation point I is I millimeter. 
But the movement occurred at the observation point I is being balanced by the 
movement at observation point 2 and 3 with the value of 0.4 millimeter and 0.6 
mill imeter both in different direction. As for observation point 4, there is no 




















Displacement on Time Series 3 (mm) vs. 
observation points 




Observat ion Point 
Figure 25: Displacement (mm) for Time series 3 at all observation points 
As for figure 25, the displacement calculated for time series 3 shows a major 
movement has been recorded especially at observation point I. ln both X and Y 
axes, the observation points are having a high movement with 3.2 millimeter and 4.6 
mill imeter. At the observation point 2, the movement for X axis is 0.2 millimeter and 
point 3 is 2.8 millimeter. As for observation point 4, the movement recorded is 3.2 
mi llimeter same as the movement having by the observation point I. 
At both observation point 2 and 4, there are no movement has been recorded. 
While for observation point 3, the displacement recorded is 0.4 millimeter. While for 
Z axis, still at observation point I, the movement is I mill imeter but it has been 
encountered by the movement from observation point 2 with the same value but 
acted in the opposite direction of plane. As for observation point 3 and 4, the 
movements recorded are 0.4 millimeter and 0.2 millimeter in opposite direction of 
the Z-axis. 
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The reason for major movement occurred in all three axes at observation 
point 1 in this time series can be assumed that it has been caused by wind loading 
imposed on the structure and thus causes the movement recorded. Besides, the field 
data measurement has an error occurred such as the bull 's eye level is not in center 
position after wind hitting on the Topcon GPT 7501 series. 
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Figure 26: Displacement (mm) for time series 4 at all observation points 
Figure 26 above shows the displacement having by the canopy system for 
time series 4. The graph computed shows that the movement in X axis is having the 
highest movement with 7.4 millimeter at observation point 1. While for observation 
point 2, the movement is 0.6 millimeter in opposite direction and for observation 
point 3 is I millimeter. While for observation point 4, the displacement recorded is 
3.2 millimeter. 
As for Y axis, the displacement from the graph shown is still having the 
highest displacement at observation point I with 3.2 millimeter movement. At 
observation point 2, the displacement recorded is 0.4 millimeter while for 
observation point 3 and 4 both shows the displacement is 0.8 millimeter in the 
opposite direction. While for Z-axis, the displacement recorded at observation point 
I again still is the highest value with 2 millimeter. But the displacement having by 
observation point I is being encountered by displacement at observation point 3 with 
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2 millimeter in the opposite plane direction. As for observation point 4, there is no 
movement has been recorded. 
Table 4: Total Displacement (em) for all observation points calculated. 
Total Total Total Total 




















I (em) 2 (em) 3 (em) 4 (em) 
1.0161 0.5111 0.5692 0.8307 
0.2163 0.0894 0.1020 0.1400 
0.0894 0.0632 0.2857 0.2375 
0.2088 0.1789 0.3206 0.3298 
Total Displacement (em) at all Observation 
Points 
1 2 3 
Observation Point 
4 5 
..,.._Total Displacement 1 
---Total Displacement 2 
Total Displacement 3 
-*'-Total Displacement 4 
Figure 17: Total Displacement at all observation points 
Table 4 and figure 27 above shows the total displacement undergone at all 
the observation points for the whole section in the field data measurement. Based on 
this calculated value, the average in these 4 calculated total displacement has been 
averaged to obtain the mean average value for the actual displacement having by the 
structure. The total displacement recorded in the graph of figure 27 shows the 
movement is in the same pattern for the whole observation points where the 
movement recorded is having a maximum displacement at observation point 1. As 
35 
for observation point 2,3, and 4, the displacement having by these three points are in 
the same value that is almost equal to 0 centimeter. 
As the specification mentioned that the actual accuracy in non-prism mode is 
±5 millimeter and based on the explanation under section 4.2, the movement is less 
than 1 centimeter. Therefore, there is no displacement having by all of the 
observation points as the result is insignificant since the value calculated above in 
table 4 except for point 1 in total displacement 1, is less than the accuracy value of 
±10 millimeter. For total displacement 1, the movement occurred after subtraction 
being done is 1.61 millimeter. 
4.3 Statistical Analysis 
Based on the data obtained from the field data measurement, validation on 
the accuracies on the movement by reflector-less total station still need to be 
performed. In order to check the data obtained, there are few possible methods that 
can be implemented in order to validate the result obtained. The methods are 
regression analysis, chi-square test, AN OVA or analysis of variance test as well as 
student t-test analysis. 
There are various methods available to be used in order to perform statistical 
analysis towards the obtained data. As for this field data measurement's validation, 
three statistical analysis methods has been found that can be used. One is ANOVA 
or analysis of variance, student t-test analysis and regression analysis. And these 
methods can use Microsoft excel software to make an assessment towards data 
computation [26]. 
Analysis of variance or ANOVA test will calculate the probability of the 
observed point or greater differences among it. This field data measurement is 
involving various data being recorded, therefore both of this test are seems 
applicable to be implemented. 
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As for time being, the author still need to learn more on this topic as the 
author still has not familiarized with the methods. The knowledge gain is still not 
adequate for the author to make necessary steps in order to validate the data 
obtained. This statistical analysis can be further research on it in the higher level of 
studies for example, focusing on this subject as to validate the result for post-
graduate studies. 
As to overcome this problem, the author has chosen another method to 
validate the data obtained from field data measurement by calculating the mean 
average value ofthe data as well as standard deviation. From the Standard Deviation 
calculated towards the total displacement having by the structure can be used in 
determining on which displacement is within one standard deviation of the mean. 
Table 5: Mean average value and Standard Deviation of the total displacement 
I, Points 
Total Displacement 
Mean Average Standard 
Time series (em) Deviation 
1 1.0161 
2 0.5111 


















4 0.2595 0.0769 
3 0.3206 
4 0.3298 
Table 5 shows, the summary of standard deviation and mean average value 
for the total displacement in 4 time series at all observation points. Standard 
deviation of the total displacement by point 1 in time series 1 to 4 is 0.2351 
centimeter with mean average value of 0.7318 centimeter. While for point 2, the 
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standard deviation calculated is 0.0571 centimeter with mean average value of 
0.1369 centimeter for time series 1 until time series 4. 
As for observation point 3, the mean average towards all 4 displacement 
calculated is 0.1690 centimeter and the standard deviation of the data collected is 
0.1903 centimeter. While for the last observation points, the mean average value 
calculated is 0.2595 centimeter and the standard deviation is 0.0769 centimeter. 
4.4 Possible interference of errors 
4.4.1 Source of Errors 
This result obtained has source of error that may occur due to human error as 
well as instrument error. The eye movement of the author may have selected 
different point rather than the fixed point that has been recorded. Besides, the base 
for supporting the reflector-less total station on top of it should be rigid and should 
not have any movement as with a slight movement occurs. 
If the base is not rigid, it would cause error towards reading as the bubble 
mark in the reflector-less total station mode is highly sensitive. Even with the 
occurrence of wind nearby the reflector-less total station, it caused the electronic 
bubble meter not in center position and causing some error towards the reading. 
Another potential error that may occurred in the field data measurement is 
the instrument error that can be from internal factor as well as external factor. As for 
the error that is coming from reflector-less total station, there are 3 kind of error that 
has been identified which are zero error, scale error as well as reflective error 
(Bambang Kun Cahyono, Abdul Nasir Matori, 2008). 
Another error that may have occurred during the field data measurement 
being carried out is due to the surface material reflection. Each material has its own 
reflectivity for the laser beam emitted from total station. Prism has given the lowest 
value in term of zero error with 2.9 millimeter and the highest zero error is given by 








Figure 28: Center of Electronic Circle Level after being level using knockout screw 












CONCLUSION AND RECOMMENDATION 
5.1 Conclusions 
Based on field data measurement that has been performed, reflector-less total 
station has been concluded as not been able to monitor deformation of canopy 
system. The movement recorded by Topcon GPT 7501 series for this field data 
measurement shows the displacement having from all the time series towards one 
another is below the accuracy as specified by the reflector-less total station in its 
non-prism mode. The movement of the canopy system is supposed not to be 
permanent and in the end, it will eventually go back to its original position. 
As the result and finding found from the field data measurement that shows 
the displacement having by reflector-less total station is insignificant, this project is 
successful because the overall objective of this project has been achieved. The 
objective on testing the capability of reflector-less total station in monitoring 
deformation of structure has been achieved by the result obtained from field 
measurement that has been conducted. 
5.2 Future work 
As for this project, there are definitely more room for future work to be 
executed. As mentioned in the section 4.2.2, statistical analysis should be further 
investigated in order to verify the validity of data obtained. Even though calibration 
result shown that the distance known and calculated by using reflector-less total 
station is having 0.01 mm differences, statistical analysis still need to be performed 
and investigated by applying ANOVA test, Student t-test or regression analysis 
towards the gathered data. 
This statistical analysis however needs further and deeper knowledge in order 
to reach desired outcome. As for future recommendation in the post-graduate 
studies, this matter can investigated in detail manner. 
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Another possible continuation from this project also is the checking on the 
errors that has occurred during the field data measurement being taken. For reflector-
less total station, there are to be known three kinds of error that might occur within 
the instrument itself. As has been specified in the section 4.3.1, Interference of Error, 
every surface material has its own reflectivity factor according to the color. 
Different color will give a different material reflection and based on journal 
produced in internet, the lowest reading recorded is obtained by the usage of prism 
compare to other color surface that is acting as a reflector. This error can be further 
investigated for future work to find the connection of surface color reflectivity with 
accuracy of data for the post-graduate level by using reflector-less total station. 
The project can also be done by using both geotechnical method as well as 
geodetic method in the same time. The result obtained by using both method then 
can be compared in order to check and verify either the displacement having by the 
structure is valid or not. The application of fiber optic sensor (SOFO) system as well 
as Photogrammetric Method can be utilized fully with the application of Reflector-
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Procedure and Steps involved for obtaining Spatial Coordinate in Reflector-less 
Mode using TOPCON GPT 750 I Series. 
3.3.1 Setting Coordinate Values of Occupied Point 
Set the coordinates of instrument (occupied po1nt) according to coord1nate ong1n and the nstrument 
automat1cally convens and displays the unknown POint (reflector oomtl coordinates follow1ng the ongm 
Reflector (ri e' z) 
z 
Ongm!O,O Ol E 
e 
Confirm the angle measurement mode 
ANGlE MODE 1 Press the ( ~ I key 
v : 2 Press the fF4} key 
HR: 
NPM(""") 0.0 
;"PM I;~ I lC.O I 
~ 13 
N ...........,.............,_-_o ._za_a_,l,k';jjEscj 1
1 E 0.108 Dr:::! 
z :1 1.464 ~~ 
"FP jRECI 
COORDINATE MODE 
Press the [F3] key 
The prev1ous data w111 be shown, 
1'-- ---------' 111 N p 
R.HT INSHT CCC P2 ...-(nvnl o.o EJ ~ ®LB -~1 100 
X 
OCC POINl 
N: 0. 000 
•. 0.000 





·')To rewm to :he orev10us moce e><ess :r>e :EXIT] key 
3 STANDARD MEASUREMENT MODE 
5 tn0ut :t'e 'l CQCra 
6 P•ess the ,SET] key '11 
7 P-ess the {E! <ty 
8 tnp..t :r>e E :oord 
9 P-eu L'e {SEij •ey ' 1 l 
10 P•o~SS t"e ZJ•ey 
11 '•out il'e Z coord 
12 P• ss tte s::r. •1'1 ., 
13 Press 111e {EXIT] key 
-.. 




Setting Up Back sight reference Point for Field Data Measurement 
PROGRAM !.!ODE 
4 1 Setting a Direction Angle for Backs1ght Onentatlon(BS) 
(Entenng the mstrument and backatght coordinalo valuos) 
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Setting up Reflector-less Total Station (Topcon GPT 7501 Series) 
Leveling the Instrument 
1. Reflector-less total station is placed on the mounting pod at the fix steel base 
tripod. 
2. Bull's eyes level needs to be centered by using three knuckle screws for better 
adjustment. After centering bull 's eye level, the user need to center line level by first 
using two knuckles screws concurrently. Then the reflector-less total station needs to 
be turned 90 degrees, and the third knuckles screw need to be used to center the line 
level. 
Leveling Topcon GPT 7051 Series 
.,.~ . 
y 




Useful when tbe c:•rcle bubble as d•fl•cuh to see 




Gantt Chart for Final Year Project I 
No. Details/Week 1 2 3 4 s 6 7 8 9 10 11 12 13 14 
Research on the topic : '>' 
1 Building Deformation 
Monitoring 
2 
Consultation with the 
supervisor 
Research journal/thesis I I t· 3 
related to case study I> I . •·. I . 
Understanding 
•·.·.··.·· 
" ·.· t: : . 1· ..... I I "· I mechanism involve in lr I> I·· 4 . " I advance non prism 
total station I·> I IJ I.·.· .. I"> I ·. I 
Extended Proposal " 










Survey potential area " 
9 for case study to be •••• 
. 
performed 
Familiarizing with I . 
10 1.· .. li equipment I" .··.· I·> 
Field Data I• ·.··. I· I F'". 
11 I' ,· L: I.·· ....... lJ·. Measurement 
12 
Start performing case 
study 
13 Submit Draft Report 
14 Submit Interim Report I' 




















Consultation with the 
supervisor 
Research journal/thesis 
related to case study 
Understanding 






Continue with Field 
Data measurement 




Draft Final Report 
Technical Report 
Submission 
Submit Final Report 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 














Milestone for Final Year Project 1 
Research on the topic : 
Building Deformation 
Monitoring 
consultation with the 
supervisor 
or 
thesis on the respective 
topic 






Milestone for Project Flow of Final Year 1 
• Suggested Milestone 
Process 
XVII 
12 13 14 













Research for journal or 




Poster (EDX) Presentation 
Submit Draft Report 
Submit Final Report 
Viva Presentation 
Submit Dissertation 
Milestone for Project Flow of Final Year 2 




Field Data Measurement Spatial Coordinates 
1. Spatial Coordinates measure on column 3 
2. Spatial Coordinates measure on column 4 
XIX 
"-8-~il_~-i-~~-D~f,t?_:_~~tio_~·Mo~itori~g · 
:Field Data Measurement 
•Buil~ing 14 
· Time:8.00am(time 1) 




Time·10 OOam (time 2)' 




:Time: 12.00 pm (time 3) · 
Points Northing (Y) 
1 995.571 
2 990.2272 
Ti 2 00 (f . 4) • 
' 1me: . pm 1me 
. .. 










































Point Displacement 1 Displacement 2 
1 1.0161 0.5111 
2 0.2163 0.0894 










·Deformation Rate time series 1 ( t2 tl) (mm) -
Points DeltaY Delta X Delta Z 
.. 
1 0 10 1.8 
... 
2 -0.4 -1.4 -1.6 
• Deformation Rate time series 2 (t3-t1) (mm) 
Points DeltaY Delta X Delta z 
1 4.4 2.4 1 
2 0.8 0 -0.4 
· Deformation Rate time series 3 (t4-t1) (mm) • 
Points Delta Y Delta X Delta Z 
1 4.6 3.2 1 
2 0 -0.2 -1 
D f R e ormation ate t1me senes 4 tS-t 1)( mm • 
Points Delta Y Delta X Delta Z 
1 3.2 7.4 2 
2 0.4 -0.6 -1.2 
Displacement 3 Displacement 4 
0.5692 ,·,· .. ·--.- o.!l3Q7 








2. Spatial Coordinates on column 4 
:~uild!ng. ~~formati<?_~--~()~i~ori~~ 
:Field Data Measurement 
; Building 14 
Date: 23.08.2011 
... 
Time: 8.00am (time 1) 
Points Northing (y) Eastlng (X) 
1 987.664 988.2192 
2 980.4636 999.2856 
. 
Time·10 Ooam (ii,;,~ 2) • 
Points Northing (Y) Easting (X) 
1 987.664 988.2196 
2 980.4624 999.2872 
Time·12 00 pm (time 3) 
Points Northing (Y) Easting (X) 
1 987.664 988.2194 
2 980.4628 999.2872 
·nme· 2 OOpm (time 4) .. 
Points Northing (Y) Zenith (Z) 
1 987.6644 988.222 
2 980.4636 999.2888 
Time· 4 00 pm (time 5) .. 
Points Northing (Y) Easting (X) 
1 987.6632 988.2202 
2 980.4628 999.2888 























Point Displacement 1 Displacement 2 
1 0.0894 0.0632 
2 .··· > 0.2()88 · ...... 0.1789 








Deformation Rate time series 1 ( t2 tl) (mm) · 0 
Points Delta Y Delta X Delta Z 
1 0 0.4 00.8 
2 012 16 0.6 
. 
• Deformation Rate time series 2 (t3otl) (mm) 
Points Delta Y Delta X Delta Z 
1 0 0.2 00.6 
2 00.8 1.6 0 
Deformation Rate time series 3 (t4-t1) (mm) · 
Points Delta y Delta X Delta Z 
1 0.4 2.8 00.4 
2 0 3.2 00.2 
.. 
• Deformation Rate time series 4(t5 tl) (mm) 0 
Points Delta Y Delta X Delta Z 
1 00.8 1 02 
2 00.8 3.2 0 
Displacement 3 Displacement 4 
0.2857 I ·0.2375 ••···· .. 
0.3206 0.3298 
